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ABSTRACT 


One hundred fifty-four tables are presented which show the relationships 
between rainfall rate, radar reflectivity, and attenuation, These parameters 
have been calculated fron dropesize distributions obtained by the drop camera 
technique, Calculations of attenuation and reflectivity were made using the 
Mie theory for wavelengths of 10,0, 4.0, 3,2, 1.87, 0,86, and 0,43 cn. 
Logarithmic regressions have also been calculated for these parameters, These 
tables have been prepared for data obtained from Illinois, Florida, Oregon, 
Majuro, Alaska, Indonesia, New Jersey, and North Carolina, 

Other tables showing the relationships of the drop-size median volume 
diameter and liquid water content to reflectivity are presented for New Jersey 
and North Carolina at 4.0 and 3,2 cm, A table of the relationship of 4,0=cm 


attenuation to 3,2—cm reflectivity is included for New Jersey and North Carolina, 
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INTRODUCTION 


During the past 16 years, over 21,000 drop camera samples of dropesize 
distributions have been obtained with the support of the U, S. Army. These 
. saMples each represant one cubic meter of space, usually taken at one minute 
intervals and a minimum of 1700 samples have been collectei at each of eight 


different locations, 
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The major use of these data has been the determination of rainfalleradar 

) reflectivity relationships for 3-cm radar, Recently, there has been an 

' inereased interest in the rai..fall attenuation of radio signals at a wide range 
| of wavelengths, Also, it has been desired that the relationships of attenuation 
to rainfall and reflectivity be expressed in a tabular form which does not force 
the data into any preconceived mathematical form. Therefore, tables were 


prepared showing the relationships between various meteorological and scattering 


| parameters as calculated from the dropesize data, 


ANALYTICAL PROCEDURE 


7 The basic data for the calculations are the drop size spectra obtained 

with the drop camera at the following locations: Champaign, Illinois; Miami, 
Florida; Corvallis, Oregon; Bogor, Indonesia; Majure, Marshall Islands; Franklin, 

: North Carolina; Woody Island, Alaska; and Island Beach, New Jersey. For a 

: description of this data see Technical Report ECOM=000328F or ECOM=02071=3, 

A computer program for determination of the scattering parameters was optained 
through the courtesy of R, K. Crane of Lincoln Laboratories, Massachusetts 


Institute of Technology, Crane's program is based on the Mie scattering theory 
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as presented by Van de Hulst.? This program was modified slightly with respect 


to the method used for estimating the distribution of raindrops within a class 


interval, but was otherwise unchanged, 


The drop temperature was assumed te be 10°C for ali calculations. Table 1 
shows the refractive ind2x of water at the various frequencies and wavelengths 


as used in these calculations, The equations of Grant et al,° were used in the 


calculation of the index of refraction, In all previous work by the authors the 


index of refraction of 8,18-11.96 was used, This value corresponded to early 


Measurements by Saxton and reported by Kerr for water at 18°C with i = 3,0 om 
The more recent work of Grant i8 considered mere aecurate, 

The scattering coefficients calculated by the Crane program were combined 
al 


with the drop data to obtain the reflect. vity, n, in units of M > and the 


attenuation coefficient in DB/KM. Rainfall rate was also calculated from drop 


data, using the terminal velocity data of Gunn and Kinzer,® 


Table 1, Index of Refraction of Water at 10°C 
as a Funetion ot Wavelength 


=r EE eee ere 


Refractive Index 


Wavelength Frequency 
(cm) (GHz) Real Imaginary 
10.0 3,00 8.9419 ~1,0117 
4.0 7,50 8.1667 -2,9893 
3.2 9.37 7,7919 -2.3728 
1.87 16.00 6.5909 -2, 8440 
0. 86 35.00 4.6711 -2.696? 
0.43 70,00 2.4361 -?.9565 


’ Capital M is used for meters in order to conform with the computer output. 


TABULATED DATA 


Tables have been prepared for various relationships of the radar 
reflectivity factor, the attenuation coefficient, and rainfall rate, For two 
locations, New Jersey and North Carolina, tables have also been prepared of 
median volume diameter and liquid water content as a function of reflectivity 
at 3,2 and 4,0 cm, Also, for these two locations, attenuation at 4.0 om as 
a function of reflectivity at 3,2 cm has been tabulated, These tables are 
tables 2 through 155 of this report, beginning on page 6, 

On these tables, each line contains the data for a ledb increment of the 
independent variable, The "threshold" value of this variable is the lower 
limit of the increment. The highest and lowest observed values of the independent 
variable within the limits of the increment are tabulated, along with the mean 
of all values in the increment, 

The remainder of each line shows the dependent variable data for the 
points within each increment, The mean, minimum, 25 percentile, 50 percentile, 
7—£ percentile, and the maximum values are tabulated, followed by "N", the number 
of data points in the increment, The percentiles have not been calculated 


where there were less than 4 points. 


LOGARITHMIC REGRESSIONS 


As a convenient by-product of the calculations of the data tables, 
logarithmic least squares regressions were calculated for most of the relationships, 
The regression coefficients are presented in tables 156 through 161, beginning 


on page 109, 


3 


The equations for these relationships are of the form y = Ax , where x 
is the independent variable and y is the dependent variable, If the transformation 
is made that Y = log y and X = log x, then the coefficients A and B are found 


from 


and 


A = antilog (Y ~ B X), 


The correlation coefficient, r, is found from 


> _ cov XY 
“ var X var Y 


and standard error of estimate, SEE, is given by 


(SEE)* = var Y (1 - 12), 


The standard error of estimate has the units of the logarithm (base 10) of the 
dependent variable, 
The number of data points, NS, varies due to the fact that some data points 


were outside of the range allowed in the computer program for the size of the 


independent variable, Almost ail of these lost points are those with the rainfall 


rate less than 0.1 mm/fhr when the rainfall rate was the independent variable, 
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